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Abstract 
This investigation has explored the possibility of using ethanolic extract of seeds of A. me/eguero at 
concentration of 1 mg/1 Og soy flour and sodium benzoate at a concentration of I mg/1 Og soy flour fo r 
preservation of soy flour over a period of sixty days. It' has been shown that the pH of the samples treated 
with sodium benzoate was in the range of 6.50-6.80 whereas for samples treated with seeds of A. meleguera 
was in the range of 6.62- 6.86 over sixty days period of storage. The pH of untreated samples was in the 
range of 6.40-6.55 over the periods of storage. The bacterial and fungal isolates identitied on 60'" day of 
storage from the untreated samples were Staphylococcus aureus, Bacillus subrilis, Escherichia coli, 
Aspergillus sp., Penicillium sp., Mucor sp., Rhizopus sp. and Candida sp. whereas the organisms isolated 
from the samples treated with sodium benzoate were found to be B. subtilis, B. cereus , Candida sp. and 
Aspergillus sp. The organisms isolated from samples treated with extract of seeds of A. me/egueta were B. 
subtilis, B.cereus, S.aureus, Rhizopus sp. and Aspergillus SP. The total bacterial counts for the untreated 
samples, samples treated wi th sodium benzoate and samples treated with seeds of A. me!egueta were 
9.9x!0 10, 7.5xl08 and 6.0xl08 respectively on 60 111 day of storage. The total fungal count for untrea ted 
samples, samples treated with sodium benzoate and samples treated with seeds of A. me/eguelu we re 
9.9x I 0 10, 9.0x I 06 and negligible. The protein content (25.1 %) and the fat content ( 18.0%) for untreated 
samples were less than those of samples treated with sodium benzoate (32.0% and 19.0%) at 1.0 mg/ I Og soy 
flour and samples treated with seeds of A. meleguetu (35.0% and 19.2%) at 1.0 p1g/IO g soy flour . 
Key words: soy flour , preservative, storage, protein and fat content. 
Introduction 
Flour is generally regarded as a microbiologicall y safe product and it is a low water act ivity 
commodity. Although the growth of pathogenic baL:teria may not be supported under such 
conditions, pathogens that contaminate tlour may survive for extended periods. There are 
few reported incidents of food poisoning resulting from contaminated tlour. Australian, 
European and United States of America studies indicate that Salmonella sp., Escherichio 
culi, Bacillus cereus and spoilage microo rganisms are present in wheat tlour at low levels 
(Cicognani er a/ ., 1975; Ottogali and C1alli , 1979; Richter er u/., 1993). In 1952, an 
outbreak of salmonallosis caused by Salmonellu puraryphi B phage type I occurred in New 
South Wales, Australia where flour was implicated , but the organism was never iso late{.j 
from the suspected flour (Dack, 1961 ). 
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s t .o r a g e  a n d  i t s  p r e s e r v a t i o n  u s i n g  p r e s c n · a t i \ ' e s .  i v 1 a n y  spi ~·~·s h < t \  e  bI~en r e p u r t \ : c l  t o  p o s s L ' S S  
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c u l t i v a t e d  i n  t r o p i c a l  A f r i c a  a n d  t h e  s e e d s  c \ I " C  u s e d  a s  < 1  c o n d i m e n t  o r  s p i c e .  I t  b e l o n g s  t o  
t h e  t~1mily o f  Z i n g e b e r a c e a e .  G i n c r o l s .  s h a g a o l s  a n d  p a r a d u l s  h a v e  b e e n  i s o l a t e d  f r o m  t h e  
g r a i n s  o f  . 4 .  m e l e g u e r o .  T h e  c r u d e  e x t r a c t s  s h o w e d  c o n s i d e r a b l e  b a c t e r i c i d a l  a c t i v i t i e s  
a g a i n s t  E  c o l i .  P . u e r u g i n o s a .  B .  1 1 1 h t i l i . l ,  J > .  \ ' t t ! g o r i s .  / \ · .  f J J I C ' / 1 1 1 / 0 I I i u e  a n d  S  n w r c e .I C C / 1 .1  
a n d  f u n g i c i d a l  a c t i v i t i e s  a g a i n s t  ( '  o / h i c a n s .  T  m e n t a g r o ; ; h y t c s .  a n d  A .  n i g e r  ( O i o k e  a n d  
K o l a w a l e .  1 9 8 7 ) .  I n  t h i s  s t u d y ,  a n  a t t e m p t  \ v a s  m a d e  t o  p r e s e r v e  s o y  f l o u r  u s i n g  e x t r a c t s  o f  
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s e p a r a t e  a n d  r e m o v e  n o n - s e e d  m a t e t • i a l .  T h e n  t h e  s e e d s  w e r e  w a s h e d  a n d  o v e n  d r i e d  a t  
5 5 ° C  f o r  2 4  h o u r s .  T h e  d r i e d  s e e d s  w e r e  t h e n  g r o u n d  i n t o  f i n e  p o \ : v d e r  u s i n g  a  m i l l i n g  
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k e p t  i n  a  s t e r i l e  c o n t a i n e r  f o r  f u r t h c i '  e x p e r i m e n t s .  
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m g / m l )  f o r  t h i s  p u r p o s e .  O n e  m i l l i l i t e r  o f  t h i s  s o l u t i o n  \ \ ' i l S  a d d e d  t o  I  0 0  g  o f  s o y  t l o u r 1  
( c o n c e n t r a t i o n  I  m g / 1  O g )  a n d  m i x e d  w i t h  t h e  f l o u r  u s i n g  a  s t e r i l e  s p o o n .  S o y '  f l o u r  s  
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prepared was distributed in 10 polythene bags each containing I 0 g and the bags containing 
the samples were sealed and stored at room temperature for 60 days. The samples were 
withdrawn at regular intervals for microbiological and biochemical analysis . 
Treatment of soy flour with the seed extract 
Thirty milligrams of extract of seeds of A. melegueta was dissolve.d in 3 ml of acetone to 
obtain a stock solution of 1 0-mg/ml concentration s. To I 00 g of soy flour I ml of thi s 
solution was added to get a concentration of I mg/ I Og soybean flour and mixed with th e 
flour vigorously using a sterile spoon. The trcakJ soy bean !lour was dispensed in I 0 
polythene bags each containing I 0 g and were sealed with an electric sealer and kept for 60 
days at room temperature. Soy t1our without any extract was used as.control and also kept 
for 60 days for comparison. The samples were withdrawn at regular intervals for analysis . 
Quality assessment of treated and untreated samples 
(a) Determination of pH 
One gram of each of the treated and untreated samples was added to 10 ml distilled water 
and after vigorous shaking, the pH was measured using a pH meter (Micro pH 33 10 
Crison) . 
(b) Isolation and enumeration of fungal and bacterial isolates 
Each of the samples (0.1 g) was added to 9.9 ml of distilled water and using this as a stock 
solution, serial dilution up to 1 o-6 were made following the procedure of Fawole and Oso 
( 1988). An aliquot (0.1 ml) of each dilution was introduced onto agar medium (for bacter ia. 
Nutrient agar, NA and for fungi, potato dextrose agar, PDA, was used) and the plates were 
incubated at 28°C and 37°C for PDA and NA plates respectively. The bacterial isolates 
were identified using the procedure of Hudson and Sherwood ( 1997) and fungal isolates 
were identified using the procedure developed by Smith ( 1977). 
(c) Determination of moisture, fat and crude protein content 
The moisture content (% of flour) was determined using an electric protimeter grain master 
2000. The fat content (%) of the treated and untreated soy flour was determined by soxhelet 
extraction using petroleum ether as solvent. Two grams of soy flour for each sample was 
used for this purpose (A.O.A.C, 1980). The total nitrogen content of the samples were 
determined by Kje1dahl method (Bermner, 1965) and then the crude protein content of soy 
flour was determined by multiplying the total nitrogen content by a factor of 6.25. Two 
hundred fifty milligrams of soy flour was used for determination of crude protein. 
Results 
Quality assessment of treated and untreated samples 
(a) Determination of pH 
For sodium benzoate treated samples and for seeds of A. melegueta treated samples, the 
pH range was 6.50-6.80 and 6.60-6 .90 respectively whereas for the untreated samples the 
range was 6.35 to 6.65. 
{b )Identification of isolates 
- - . .  
D e  a n d  D a n i y a n  ( 2 0 0 5 )  N i g .  J  l l i o t c c h .  1 6  ( I )  S S - 6 - 1  
5 8  
T h e  p r e d o m i n a n t  b a c t e r i a l  i s o l a t e s  o n  0  d a y  o f  s t o r a g e  \ V e r e  B . s u b t i l i s  (  4 0 % )  f o l l o w e d  b y  
S .  a u r e u s  ( 3 5 % )  a n d  B .  c e r e u s  ( 2 0 % ) .  T h e  r e l a t i v e  d i s t r i b u t i o n  o f  b a c t e r i a l  i s o w t e s  o n  6 0
1 1 1  
d a y  o f  s t o r a g e  f o r  c o n t r o l  s a m p l e s  \ v e r e  B .  c e r c u s  ( 7 0 % )  f o l l o w e d  b y  B .  s u h t i / i s  ( 2 0 % ) ,  S  
a u r e u s  ( 6 % )  a n d  E  c o l i  ( 4 ° / c , ) .  F o r  a l l  t h e  t r e a t e d  s a m p l e s .  t h e  p r e d o m i n a n t  b a c t e r i a l  
i s o l a t e s  w e r e  1 3 .  c e r e u s  ( 8 0 - 9 0 % )  f o l l o w e d  b y  S  C / 1 1 / ' C U . \  ( 5 - l  0 % )  a n d  1 3  s u b r i l i s  ( 3 - 5  % ) .  
T h e  r e l a t i v e  d i s t r i b u t i o n  o f  f u n g a l  i s o l a t e s  i n  s o y  f l o u r  o n  0  d a y  o r  s t o r a g e  a n d  6 0
1 1 1  
d a y  o f  
s t o r a g e  w a s  A s p e r g i l l u s  s p .  2 0 - 3 0
1
Y r , .  1 \ : n i c i l l l l l n  s p .  3 l l
1
) ; ; , _ J 2 % .  M u c o r  s p e c i e s  2 0 < \ 0 % .  
R h i : : : . o p u s  s p .  l  0
1
% - 1 5 %  a n d  C o m l i d o  s p .  5 ' % - 1  0 % .  F o r  t h e  s < t m p l c s  t r e a t e d  w i t h  s n d i l t l n  
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t r e a t e d  s a m p l e s  w e r e  C a n d i d o  s p .  f o l l o w e d  b y  l l s p e r g i l / u s  s p .  
( c )  E n u m e r a t i o n  
F o r  c o n t r o l  s a m p l e s .  t h e  i n i t i a l  b a c t e r i a l  c o u n t  \ v a s  1 . 1  x I  0
1 0  
; m e l  o n  6 0
1
1 !  d n y  o r  s t n r c l ) , ' - C  t h e  
c o u n t  w a s  9 . 9 x  I  0
1 0  
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Table 1: Total number of bacterial and fungal isolates in untreated (UTS) and sodium benzoate (SB) and seeds of A. melegueta 
(AF) treated samples (mean± SEM; n=3). 
Time 
(Day) 
0 
7 
14 
30 
60 
B 
l.lxl08± 0.3 
1.4x i 08± 0.3 
9. Ox l 0 1 0 ± 0. 3 
9.0x l 0 10± 0.2 
9.9xl0 10± 0.2 
UTS 
F 
1.9xl08± 0.2 
3.2xl 08± 0.3 
4.3X 1 0 10± 0.2 
5.1xl0 10± 0.2 
9.9xl 0 10± 0.1 
SB 
B F 
8 l.lxlO±O.l 1.9x108± 0.2 
9.0x108± 0.1 2.lxl07± 0.2 
8.7xl08± 0.3 1.7xl07± 0.2 
7.7xl08± 0.2 l.lxl07± 0.2 
7.5xl08± 0.2 9.0x106± 0.3 
NO-negligible; B- bacterial count (cfu/g); F- fungal count (cfu/g) 
AF 
B F 
l.lx108± 0.1 1.9x108± 0.2 
9.5xl08±0.1 4.0xl06± 0.3 
8.3x108± 0.1 NG 
7.5x108± 0.2 NG 
6.0x108± 0.1 NG 
(d) Determination of moisture, fat and crude protein content of treated and untreated samples. 
The initial moisture count of the samples of soy flour was 17.6%. The moisture content of treated and untreated samples of soy flour 
,..,th 14th "01h d 60th d " 1· d. T bl '"> on ' , . , -' an 1 ay or storage are 1ste m a e .... 
• I 
Table 2: Determination of moisture content(%) and fat content(%) of treated and untreated samples 
E~ean± SEM; n=3) .. 
Time 
(Day) 
0 
7 
14 
30 
60 
F 
20.0±0.1 
19.4±0.2 
19.0±0.2 
19.8±0.1 
18.0±0.0 
UTS 
M 
16.9±0.1 
16.0±0.0 
16.1±0.1 
16.1±0.1 
16.3±0.0 
SB AF 
F M F 
20.0±0.1 16.9±0.1 20.0±0.1 
19.6±0.1 17.5±0.2 19.2±0.2 
19.6±0.2 15.3±0.1 19.2±0.1 
19 . .2±0.1 14 2±0.0 19.8±0.0 
19.2±0 . .2 14.1±0.1 19.2±0.2 
M 
16.9±0.1 
14.2±0.0 
15 .2±0.1 
16.7±0.0 
·16.8±0.1 
UTS- untreated samples; SB- sodium benzoate treated samples: AF- seeds of A. melegueta treated samples; 
F- fat content(%); M-moisture content (%) 
The fat content of soy flour samples on() day \\as .20.00 (%1 The fat content (Table 2) for treated and untreated samples remained 
almost constant. 
The mean reduction in crude protein(%) /day for the untreated sampks \Vas 0.34 whereas for the sodit m benzoate treated samples and 
seeds of A. melegueta samples the respective\ alues \v e r...: 0 21 and 0 15. The results are shovvn in Table 3 . 
. .... 
' 
:1 
. \ - '; ' ... ~DyK ~ f -i ~ ~--J J 
Table 3: Dcterminatinn of t-rmk protein urn tent(%) of treatt'd and untreated samples (mean± SEl\1; n=3 ). 
"" CruJc 1<ru:cill at c;i!Ye!cnl tiille interval (days) 
Samp les 7 l-+ 30 60 MCP TMRP 
CP MRP CP iv1RP CP MRP CP MRP 
---------------------------------------------------------------------------------------------------------------------------------
UTS 35.00±0.1 0.71 33.00±0.2 0.29 29..26± 0.0 0.23 25.10±0.2 0.12 30.59 0.34 
SB 36.25±0.2 0.5-t 35 .2 6c:CO.l 0. 14 32.90±0. 1 0.15 32.50±0.2 0.01 35.40 0.21 
AF 36.25±0 .1 0.5-t 36.00±0.2 0.0-t 36.00±0.0 0.00 35.10±0.0 0.03 36.70 0.15 
*CP- cwck protein Lunknt. >.lPJ)_ 1uc,m crude protein content per day, .t\1CP- mean crude protein oYer sixty days, 
TMRP- mean crude protein content per day over sixty days period of storage 
60 
~ 
D e  a n d  D a n i y a n  ( 2 0 0 5 )  N i g .  J .  B i o t e c h .  1 6  ( I )  5 5 - 6 4  
6 2  
D i s c u s s i o n  
W h o l e  s o y  f l o u r  u s e d  i n  t h i s  s t u d y  c o n t a i n s  4 0 %  p r o t e i n  a n d  2 0 %  f a t  ( d r y  w e i g h t ) .  T h i s  
a g r e e s  w i t h  t h e  c r u d e  p r o t e i n  (  4 2  % )  a n d  f a t  c o n t e n t  ( 2 0  % )  o f  t h e  w h o l e  s o y  f l o u r  p r e p a r e d  
b y  B r e s s a n i  (  1 9 8 1  ) .  T h i s  s t u d y  r e v e a l e d  t h a t  t h e r e  a r e  t h r e e  t y p e s  o f  b a c t e r i a  p r e s e n t  i n  s o y  
f l o u r  n a m e l y  B .  c e r e u s ,  S .  a u r e u s  a n d  B .  s u b t i l i s .  T h e  f u n g i  i s o l a t e d  o n  0  d a y  o f  s t o r a g e  
w e r e  s p e c i e s  o f  A s p e r g i l l u s  ,  P e n i c i l l i u m ,  M u c o r ,  R h i z o p u s  a n d  C a n d i d a .  T h e  i n i t i a l  
b a c t e r i a l  c o u n t  w a s  1 . 1 x 1 0
8  
w h e r e a s  t h e  c o u n t  w a s  9 . 9 x 1 0
1 0  
o n  6 0  d a y s  o f  s t o r a g e  f o r  
c o n t r o l  s a m p l e s .  M i c r o b i o l o g i c a l  g u i d e l i n e s  f o r  f l o u r  h a v e  b e e n  p r o p o s e d  f o r  v a r i o u s  
c o u n t r i e s  ( P o t u s  a n d  S u c h e t ,  1 9 8 9 ;  R i c h t e r  e t  a l . ,  1 9 9 3 ) .  A  s u r v e y  b y  R i c h t e r  e t  a l .  ( 1 9 9 3 )  
f o u n d  U S  f l o u r  c o n t a i n e d  m e a n  c o u n t s  o f  1 0
3
- 1 0
4  
c f u / g ,  d e p e n d i n g  o n  w h e a t  t y p e .  S p i c h e r  
( 1 9 8 6 )  r e p o r t e d  G e r m a n  f l o u r  c o n t a i n e d  m e a n  c o u n t s  o f  1 0
4  
c f u / g ,  c o l i f o r m  c o u n t s  o f  1 0
2  
c f u / g  a n d  m o u l d  c o u n t s  o f  I  0
3  
c f u ! g .  P o t u s  a n d  S u c h e t  (  1 9 8 9 )  d e t e c t e d  1 0
4  
c f u / g  t o t a l  
a e r o b e s  a n d  1 0
3  
c f u / g  m o u l d s  i n  F r e n c h  f l o u r .  B e r g h o f e r  e l  a ! .  ( 2 0 0 3 )  d e t e c t e d  t h e  p r e s e n c e  
o f  B .  c e r e u s  i n  A u s t r a l i a n  w h e a t  f l o u r  b u t  a t  l o w  l e v e l s .  T h e  i n i t i a l  f u n g a l  c o u n t  w a s  
1 . 9 5 x 1 0
1 0  
a n d  o n  6 0
1
h  d a y  o f  s t o r a g e  t h e  c o u n t  w a s  9 . 9 0 x 1 0
1 0
.  S o m e  w o r k e r s  c l a i m  t h a t  
1 5 %  o r  a b o v e  m o i s t u r e  p e r m i t s  g o o d  f u n g a l  g r o w t h .  A f l a t o x i n  i s  n o t  c o n s i d e r e d  a  r r o h l c m  
i n  s o y b e a n  s t o r a g e .  H e s s e l t i n e  e t  a ! .  (  1 9 6 6 )  w e r e  u n a b l e  t o  d e t e c t  a f l a t o x i n  o n  s o y b e a n s  
i n o c u l a t e d  w i t h  A .  j l a v u s  a l t h o u g h  F a r a g  e t  a / . ( 1 9 8 6 )  d e t e c t e d  a f l a t o x i n  i n  s t e r i l i z e d  a n d  
n o n  s t e r i l i z e d  s o y b e a n s  i n o c u l a t e d  w i t h  A . p a r a s i l i c u s .  E . c o l i  w a s  d e t e c t e d  i n  u n t r e a t e d  s o y  
f l o u r  s a m p l e s  o n  6 0 t h  d a y  o f s t o r a g e .  G r a v e s  e l  a / .  ( 1 9 6 7 )  f o u n d  E . c o / i  i n  o n l y  1  o f  1 6 l ! S  
f l o u r  s a m p l e s  b u t  R i c h t e r  e t  a / . ( 1 9 9 ' 3 )  r e p o r t e d  1 2 . 8 %  o f  U S  f l o u r  c o n t a i n e d  E .  c o l i .  
S o d i u m  b e n z o a t e  w a s  s e l e c t e d  t o  p r e s e r v e  s o y  f l o u r  b e c a u s e  i t  i s  v e r y  e f l c c t i v c  a t  a c i d 1 c  
p H  a n d  i t  h a s  b e e n  u s e d  e x t e n s i v e l y  a s  a n  a n t i m i c r o b i a l  a g e n t  i n  f o o d s  ( t h e  m a x i m u m  l e v e l  
o f  b e n z o i c  a c i d  p e r m i t t e d  i n  f o o d  i s  0 . 1  % ) .  I t  h a s  b e e n  s h o w n  t h a t  t h e  s e e d  e x t r a c t  i n h i b i t e d  
t h e  g r o w t h  o f  B .  t h e o b r o m a e ,  A .  n i g e r ,  s p e c i e s  o f  M u c o r ,  R h i z o p u s ,  F u s a r i u m  a n d  A  .  . f l a v u s  
( O l o k e  a n d  K o l a , w o l e ,  1 9 8 7 ) .  T h e  m e a n  r e d u c t i o n  i n  c r u d e  p r o t e i n  ( % )  f o r  t h e  c o n t r o l  o v e r  
6 0  d a y s  o f  s t o r a g e  w a s  0 . 3 4  w h e r e a s  f o r  s o d i u m  b e n z o a t e  i t  w a s  0 . 2 1  w h e r e a s  t h e  v a l u e  
w a s  0 . 1 5  ( o ' r  s e e d  e x t r a c t - t : r e a t e d  s a m p l e s .  F o r  s e e d  e x t r a c t  t r e a t e d  s a m p l e s  t h e  f u n g a l  c o u n t  
i s  n e g l i g i b l e  b u t  t h e  b a c t e r i a l  c o u n t  w a s  i n  t h e  o r d e r  o f  1 0
8  
T h i s  v a l u e  i s  h i g h  c o m p a r e d  t o  
t h e  s t a n d a r d  o f  q u a l i t y  f l o u r  s e t  b y  B e r g h o f e r  e t  a l .  ( 2 0 0 3 ) .  A .  m e l e g u e t a  r n a y  b e  a  u s e f u l  
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De and Daniyan (2005) Nig. J Biotech. 16 (I) 55 64 ()] 
preservative for soy flour though the presence of B. cereus is a cause pi' concern because 
this might cause food poisoning and it also can withstand heat (Blakey and Priest, 1980). 
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